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(54) GaN BASED SEMICONDUCTOR LIGHT EMITTING DIODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN based LED 
provided with an upper electrode capable of passing more light 
to the outside than a conventional upper electrode. 
SOLUTION: The upper electrode P2 is subdivided and formed 
so as to be provided with light transmissivity. At a subdivided 
part P22, the electrode is subdivided so as to present a net 
shape or a branched shape and turned to a part spread on the 
top surface 4a of an element structure and the top surface is 
exposed between the subdivided electrodes. As for the degree 
of subdivision, when the division is performed in a matrix shape 
with a square whose one side is 50 U m as a constitution unit, 
an electrode part and an exposed part are similarly present 
within each constituting unit and it is preferable that the ratio 
of an area of the electrode part occupying in each constitution 
unit is 30%-80%. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] "~ 

[Claim 1] It is the light emitting diode which has a laminated structure containing the luminous layer which 
consists of a GaN system semi-conductor. In the maximum top face of said laminated structure One side of 
the two electrodes of p mold formed in the light emitting diode concerned and n mold is prepared as an up 
electrode, and this up electrode has a fragmentation part. This fragmentation part They are that an electrode 
is reticulated or the part which is subdivided so that the letter of branching may be presented, and spreads on 
said maximum top face. GaN system semi-conductor light emitting diode with which this maximum top face is 
exposed to inter-electrode [ which was subdivided ] with light emitting diode, and the electrode of this 
fragmentation part is characterized by being formed so that it may have translucency to the light emitted from 
the luminous layer. 

[Claim 2] The area of the fragmentation part which consists of an electrode section and an exposed part on 
the top face of the maximum occupies 30% - 80% on the whole top face of the maximum. This fragmentation 
part When this is classified in the shape of a matrix along the maximum top face by making one-side the 
square of 50 micrometers into a configuration unit, GaN system semi-conductor light emitting diode according 
to claim 1 which is what has the subdivided electrode as each configuration units have an electrode section 
and the exposed part of each other by the same ratio, and so that the percentage of the area of the electrode 
section occupied in each configuration unit may be 20% - 80%. 

[Claim 3] GaN system semi-conductor light emitting diode according to claim 2 whose above-mentioned 
configuration units are what has an electrode section and the exposed part of each other by the same 
arrangement pattern. 

[Claim 4] GaN system semi-conductor light emitting diode according to claim 1 to 3 whose fragmentation part 
is what has the part by which the band-like electrode section with a width of face of 1 micrometer - 10 
micrometers and the maximum top face exposed to band-like [ with a width of face of 1 micrometer - 40 
micrometers ] have been arranged by turns. 

[Claim 5] GaN system semi-conductor light emitting diode according to claim 1 whose translucency of the 
electrode of the above-mentioned fragmentation part to the light emitted from the luminous layer is 20% - 80% 
of permeability. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to GaN system semi-conductor light emitting diode (henceforth 

"the GaN system LED"). 

[0002] 

[Description of the Prior Art] It is the light emitting diode which can also emit the light of short wavelength 
which the GaN system LED has at least the luminous layer which consists of a GaN system semi-conductor, 
and results in blue - an ultraviolet area depending on the presentation of this luminous layer. A GaN system 
semi-conductor here is a compound semiconductor shown by InXGaYAIZN (0<=X<=1, 0<=Y<=1, 0<=Z<=1 
X+Y+Z=1). 

[0003] As easy component structure of the GaN system LED, as shown in drawing 4 (b) On the crystal 
substrate 21, a GaN system crystal layer (the n mold GaN contact layer 22, the Ini-xGaxN (0< x<=1) luminous 
layer 23, p mold GaN contact layer 24) is accumulated with crystal growth one by one. The structure where 
the lower electrode (usually n mold electrode) 25 and the up electrode (usually p mold electrode) 26 were 
formed in this is illustrated. Here, a crystal substrate is turned down and mounting is carried out, and it 
explains that light goes away up. 

[0004] Since it is prepared in the maximum top face of a laminated structure and is located above a luminous 
layer 23, the up electrode 26 serves as an obstruction from a luminous layer for the light emitted upwards. 
Since it is hard to carry out current diffusion and light is especially emitted only directly under an electrode in 
the case of a GaN system ingredient, the problem that an up electrode becomes the obstruction of 
luminescence is more remarkable than LED of other ingredient systems. Moreover, if the area of an up 
electrode is too small, luminescence area will contract and brightness will become low. 
[0005] As a mode of the up electrode which can cope with these problems, as shown in drawing 4 (a), the 
mode which prepares transparent electrode 26a so that the whole maximum top face of a laminated structure 
may be covered is known. This mode supplies a current, makes it emit light broadly to a luminous layer, and it 
tends to take out to the external world, without interrupting light with a transparent electrode. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when this invention person etc. examined the mode of 
the above-mentioned conventional up electrode, it turned out that optimization is not taken into consideration 
about the amount of the light which may pass current density and an up electrode, but all have the room of 
the further improvement. 

[0007] The technical problem of this invention solves the above-mentioned problem, and is to offer the GaN 
system LED equipped with the up electrode which may pass more light to the external world rather than the 
conventional up electrode. 

[0008] This invention has the following descriptions. 

It is the light emitting diode which has a laminated structure containing the luminous layer which consists of a 
GaN system semi-conductor. (1) In the maximum top face of said laminated structure One side of the two 
electrodes of p mold formed in the light emitting diode concerned and n mold is prepared as an up electrode, 
and this up electrode has a fragmentation part. This fragmentation part They are that an electrode is 
reticulated or the part which is subdivided so that the letter of branching may be presented, and spreads on 
said maximum top face. GaN system semi-conductor light emitting diode with which this maximum top face is 
exposed to inter-electrode [ which was subdivided ] with light emitting diode, and the electrode of this 
fragmentation part is characterized by being formed so that it may have translucency to the light emitted from 
the luminous layer. 

[0009] The area of the fragmentation part which consists of an electrode section and an exposed part on the 
top face of the maximum occupies 30% - 80% on the whole top face of the maximum. (2) This fragmentation 
part When this is classified in the shape of a matrix along the maximum top face by making one-side the 
square of 50 micrometers into a configuration unit, each — a configuration — a unit — comrades — mutual - 

- being the same — a ratio — an electrode section — exposure — a part — having — as — and — each — 
a configuration — a unit — occupying — an electrode section — area — a rate — 20 — % - 80 — % — it is 

- as — subdividing — having had — an electrode — having — a thing — it is — the above — ( — one — ) - 

- a publication — GaN — a system — a semi-conductor — light emitting diode . 

[0010] (3) GaN system semi-conductor light emitting diode of the above-mentioned (2) publication whose 
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above-mentioned configuration units are what has an electrode section and the exposed part of each other by 
the same arrangement pattern. 

[001 1] (4) fragmentation — a part — width of face — one — micrometer - ten — micrometer — band-like — 
an electrode section — width of face — one — micrometer - 40 — micrometer — band-like — having 
exposed — the maximum — a top face — alternation — arranging — having had — a part — having — a 
thing — it is — the above — ( — one — ) - ( — three — ) — either — a publication — GaN — a system — a 
semi-conductor — light emitting diode . 

[0012] (5) a luminous layer — from — emitting — having had — light — receiving — the above — 
fragmentation — a part — an electrode — translucency — 20 — % - 80 — % — permeability — it is — the 
above — ( — one — ) — a publication — GaN — a system — a semi-conductor — light emitting diode . 
[0013] 

[Embodiment of the Invention] Hereafter, easy component structure is mentioned as an example and this 
invention is explained concretely. Although an up electrode is used as p mold electrode and the structure 
(structure where both two electrodes are prepared in a top-face side) using an insulating substrate is 
explained by the following explanation, component structure may not be limited to these, but the upper and 
lower sides of a conduction type may be reverse, and may be what kind of component structure using the 
crystal substrate which has conductivity, such as a SiC substrate and a GaN substrate. 
[0014] AlaGa1-aN (0<=a<=1) low-temperature growth buffer layer 1b is minded on silicon on sapphire 1 so 
that the GaN system LED by this invention may contain the luminous layer which consists of a GaN system 
semi-conductor, as shown in dra w ing 1 (b). The n mold AlbGa1-bN (0< b<=1) contact layer 2, the In1-xGaxN 
(0< x<=1) luminous layer 3, and the p mold AlcGa1-cN (0< c<=1) contact layer 4 are accumulated with crystal 
growth one by one, and have a laminated structure. This laminated structure was removed locally, the n mold 
AlbGa1-bN contact layer 2 has exposed it in part, the lower electrode (n mold electrode) P1 is formed in the 
exposed part, and the up electrode (p mold electrode) P2 is formed in maximum top-face 4a of a laminated 
structure. 

[0015] The up electrode 6 has the terminal P21 for bondings for connecting with the exterior, and the 
fragmentation part P22 which spreads on the whole maximum top face from there, as shown in drawing 1 (a). 
In the fragmentation part P22, they are that an electrode is reticulated or the arrangement pattern with which 
the electrode section ( drawing 1 (a) P23 and P 25) to which it was subdivided so that the letter of branching 
might be presented, and it has spread in the whole maximum top-face 4a, and the electrode material has 
covered the maximum top face, and the exposed part P24 which the maximum top face has exposed between 
them were together put by adjoining each other mutually. And these electrode sections P23 and P25 are 
formed so that it may have translucency to the light emitted from the luminous layer. Even if it is [ about the 
maximum top face ] the injection of the same power by considering as the above-mentioned configuration 
compared with a wrap mode fast in a transparent electrode, the light of a higher output can be taken out. 
[0016] As described above, unlike LED of other ingredient systems, such as a GaAs system, by the GaN 
system LED, it is hard to diffuse the current which goes to a luminous layer from an up electrode. Therefore, 
in a luminous layer, the part corresponding to directly under [ where an up electrode material exists / of a 
part ] emits light intensively. The light which high current density [ emit / but on the other hand / light / the 
whole luminous layer surface ] is not obtained, and goes to the upper part from a luminous layer since the 
permeability of a transparent electrode is not 100% cannot fully be taken out with the mode fast covered with 
the transparent electrode to the external world. 

[001 7] There is the so-called "Cush form electrode" which formed the electrode material in the pattern which 
presents Kushigata as one of the modes of an up electrode on the other hand. By the former, the Cush form 
electrode is used in order to carry out incidence of the light for light-receiving into a component in the field of 
a photo detector chiefly, and the electrode section is opaque. When such an opaque Cush form electrode is 
only applied to a GaN system light emitting device, the problem of interrupting luminescence of an electrode to 
which light is emitted mostly only directly under but an electrode section goes up for the property peculiar to 
a GaN system ingredient in which a current diffuses only a minute amount as described above arises. 
[0018] On the other hand, in this invention, it considers as the electrode pattern which subdivided the up 
electrode like the Cush form electrode, and light transmission nature is further given to the subdivided 
electrode itself. By this, first, though strong luminescence is intensively produced in directly under 
[ electrode ], as it is shown in drawing 1 (b), the light L2 which goes to right above from a part for a light- 
emitting part can penetrate an electrode, and can leave it in the external world, and a lost part decreases, 
next, since a current will be spread even if it is a minute amount, the amount of light-emitting part is carrying 
out Hami appearance only of the fine smallness to the perimeter from a part not only for directly under [ of a 
comb mold electrode ] but this direct lower part, by carrying out this Hami appearance, although the part is 
separately minute, since it is the pattern extended long and slender as an electrode pattern presents a comb 
mold, Hami appearance is carried out and the grand total of a part serves as an amount in the whole pattern 
which can contribute to the increment in luminescence reinforcement. That is, the merit that the gross area of 
the part which emits light is large compared with the case where the electrode of the same area as a comb 
mold electrode is centralized on one place is obtained. According to such operation effectiveness, even if it is 
the injection of the same power compared with the conventional electrode, the light of a higher output can be 
taken out. 
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[0019] As shown in drawing 1 (a) other than the field which the terminal for bondings occupies in the maximum 
top face, and the field of a fragmentation part (electrode section + exposure part), processing SHIRO 4b of 
minute width of face may exist in the periphery edge on the top face of the maximum as an exposed part. The 
following explanation explains the field of the terminal for these bondings, and the field of only the 
fragmentation part except processing SHIRO of a periphery edge. 

[0020] It has spread on the maximum top face so that the letter of branching may be presented, and that what 
is necessary is just in that an electrode is reticulated or the condition that the electrode section and the 
exposed part adjoined each other, and were put together, the regular and irregular thing [ a pattern ] in which 
these are intermingled is mentioned, and the electrode pattern of a fragmentation part serves as the shape of 
linear [ the pattern of an exposed part ], rounded, and a dot etc. 

[0021] A typical electrode pattern is illustrated next. However, as above-mentioned, an electrode pattern 
exists innumerably and is not limited to these instantiation. The example of drawing 1 (a) is the Cush form 
pattern, and the band-like electrode P23 branches from there by making the part P25 of the back of Cush into 
a trunk, and it has become stripe-like. The example of drawing 2 (a) is a grid-like pattern, and the electrode is 
presenting the shape of a network. An exposed circular dot-like part will be the pattern arranged in the shape 
of maximum dense, and if the example of drawing 2 (b) pays its attention to an electrode, it will be a kind of 
reticulated pattern. By these reticulated patterns, the configuration of an exposed part may be free and you 
may be the square of arbitration, an ellipse, an anomaly, etc., and the sense and array pattern of an exposed 
part may be regular, or may be random. A band-like electrode section and a band-like exposed part are the 
patterns put together by turns, and the example of drawing 2 (c) and drawing 3 (a) can also be said to be a 
kind of the Cush form pattern, and a kind of a reticulated pattern. In drawing 2 (c), the linear band electrode 
was refracted, and was put together, and the band electrode is located in a line with concentric circular in 
drawjng_3 (a). The example of d.rawmg_3 (b) is a pattern with which the subdivided electrode branches like 
[ without regularity ] a maze. The pattern of these versatility may be a mode in which you may combine freely, 
for example, an irregular capillary pattern branches from a regular branching pattern like the Cush form. 
[0022] The fragmentation part of an up electrode doubles an electrode section and the exposed part pinched 
by it, and its thing on the top face of the maximum formed 30% to 80% so that 40% - 70% may be occupied 
more preferably is desirable. This is the last mode which a fragmentation part would concentrate on one place 
massive, and limits what should be distributed more widely. 

[0023] Current density is greatly related to the strength of luminescence by the luminous layer. If current 
density is low, the rate that the trap of the carrier is carried out to a nonluminescent component will become 
high, and luminescence reinforcement will become weak. Since the rate by which a trap is carried out to a 
nonluminescent component will become small and it will be saturated by the amount of trap from a certain 
value if current density is raised, luminescence reinforcement becomes strong. Current density rises by 
making small area of each part of the subdivided electrode section (for example, narrowing the bandwidth of an 
electrode by the Cush form pattern). If current density goes up, internal quantum efficiency will increase and 
an output will improve. However, the rise of applied voltage required for luminescence sufficient by just making 
an electrode surface product small without any restriction and the increment in the non-radiating transition 
rate by the thermal relaxation of raising current density, i.e., the fall of an output, can be considered. The area 
and the pitch of this point to an electrode section are important. 

[0024] On the other hand, even if it subdivides an electrode and forms as a transparent electrode, since a 
transparent electrode may necessarily pass the light from a luminous layer 100%, in an electrode section, the 
loss of light produces it. Moreover, in order for the light which emitted light directly under [ the ] the core as 
an electrode is a large area to go away in the external world from a nearby exposed part, a big include angle 
must be accomplished from right above, it must go up aslant, the amount of light reflected in the interior of a 
component by the interface of the maximum top face and the external world increases, and this serves as a 
loss. Also from this point, the area and the pitch of an electrode section are important. 
[0025] Therefore, internal quantum efficiency is raised more and it recommends limiting further extent of 
fragmentation of an electrode [ in / at this invention / a fragmentation part ] without a loss in order to take 
out in the external world like as the generated light is explained more below. The purpose of this invention is 
attained more by this at altitude. 

[0026] Even if extent of fragmentation of the above-mentioned electrode classifies a fragmentation part in the 
shape of [ which makes a configuration unit one side the square of 50 micrometers ] a matrix and it will apply 
this configuration unit to which location, it is desirable that the electrode is subdivided so that an electrode 
section and an exposed part may always exist at same rate in each configuration unit. As for one side of the 
square of said configuration unit, it is more desirable that it is 2 micrometers - 12 micrometers. In the mode 
which furthermore subdivided the electrode minutely, even if it classifies a configuration unit as one-side a 
square of 2 micrometers - 4 micrometers and applies this partition to the location of the arbitration of a 
fragmentation part, it is desirable to consider as the mode subdivided so that an electrode section and an 
exposed part might always exist in it. 

[0027] Moreover, the percentage that the area of the electrode section occupied in each above— mentioned 
configuration unit is desirable is 20% - 80%, and especially the desirable percentage is 40% - 60% 20% to 60% 
more preferably. 

[0028] The light which internal quantum efficiency was optimized by the convention of these fragmentation, 
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and emitted light directly under the electrode according to it becomes possible [ going away in the external 
world ] from an exposed part at the include angle more near the right above direction, and reflection to the 
interior of a component in the interface of the maximum top face and the open air is controlled. Moreover, 
since many pass this and also leave the light which shone upon the transparent electrode in the external 
world, the GaN system LED concerned seen from the outside shows strong luminescence rather than elegance 
conventionally to the injection of the same electric energy. 

[0029] On the occasion of the partition to the letter of a matrix, the odd partition which does not serve as a 
square at the periphery part of a fragmentation part may be generated. Moreover, when a singular part like the 
trunk part P25 exists like the Cush form pattern shown in drawing 1 (a) in addition to the stripe part 
subdivided uniformly, a convention of the partition to the letter of a matrix shall be applied only about the part 
subdivided uniformly. 

[0030] It does not need to be [ that an electrode section and an exposed part should just exist similarly in 
each configuration units in each configuration unit ] the same when a fragmentation part is classified in the 
shape of a matrix. This is because the ratio of an electrode section and an exposed part may be changed by 
specific width of face for every configuration unit by irregular pattern like drawing 3 (b). Moreover, since the 
shape of a basic form of the pattern repeated to the electrode pattern of the shape of maximum dense [ like 
drawing...? (b) ] is an equilateral triangle and a forward hexagon, as a thick continuous line shows to this 
drawing, from [the shape of a perfect square matrix], it can shift the method of a square partition to [the 
letter of a matrix according to a maximum dense-like pattern], and should just specify it. Moreover, a 
fragmentation part may be constituted combining the part subdivided by mutually different unit area. 
[0031] By the Cush form pattern shown in drawing 1 (a), and the grid-like pattern shown in drawing 2 (a), the 
electrode section and the exposed part contain the regular part which it comes to put together regularly. For 
example, by the Cush form pattern, a band-like electrode section P23 and the band-like band-like exposed 
part P24 are arranged by turns regularly, and the part of the gear tooth of Cush has become stripe-like. If 
these regular parts are classified in the shape of a matrix, in each square configuration unit, an electrode 
section and an exposed part exist by the same arrangement pattern. Since the fragmentation pattern which 
has such a regular part is the optimal structure for preparing more outcrops (optical takeoff connection), it is 
desirable, and especially its Cush form pattern is desirable especially. 

[0032] According to the convention of the above-mentioned fragmentation, the pattern with which a band-like 
electrode section and a band-like band-like exposed part are regularly arranged by turns, and have become 
stripe-like like the Cush form pattern or the pattern of drawing 2 (c) and drawing 3 (a) has a desirable stripe 
[ as / whose width of face of 1 micrometer - 10 micrometers and a band-like exposed part the width of face 
of a band-like electrode section is 1 micrometer - 40 micrometers ]. in this case, one side of the square of a 
configuration unit — minimum 2(electrode width-of-face 1+ exposure width of face 1) mum and max — it 
becomes 50(= electrode width-of-face 10+ exposure width of face 40) mum grade. It is desirable to choose a 
numeric value so that the rate of the area of the electrode section occupied in a configuration unit may 
become 20% - 80% from such width of face. As more desirable range, it considers as a stripe (one side of a 
square is 2 micrometers - 28 micrometers) with a width of face [ of a band-like electrode section / of 1 
micrometer - 8 micrometers ], and a width of face [ of a band-like exposed part ] of 1 micrometer - 20 
micrometers. Making into 30% - 60% the rate of the area of the electrode section occupied per configuration is 
mentioned. As further most desirable range Considering as a stripe (one side of a square being 6 micrometers 
- 12 micrometers) with a width of face [ of a band-like electrode section / of 2 micrometers - 4 
micrometers ] and a width of face [ of a band-like exposed part ] of 4 micrometers - 8 micrometers, and 
making into 40% - 60% the rate of the area of the electrode section occupied per configuration is mentioned. 
[0033] As described above, the electrode of a fragmentation part is formed so that it may have translucency 
to the light emitted from the luminous layer. The light emitted from a luminous layer changes with 
presentations of the GaN system semi-conductor used for a luminous layer, and turns into about 350nm - 
about 550nm light. As for the translucency of an electrode, it is desirable that the light of such wavelength is 
30% - 60% of permeability. 

[0034] The electrode which has the above-mentioned translucency may be formed using the formation 
technique of a well-known transparent electrode. For example, the mode of the two-layer structure which sets 
thickness to 10nm and 1nm, respectively etc. is mentioned, using aluminum and nickel as an ingredient. 
[0035] It is good as various component structures — in the example of drawin g 1 , although the laminated 
structure by the GaN system crystal layer is a three-tiered structure of (n mold contact layer, a barrier layer, 
and p mold contact layer), it makes a luminous layer multiplex quantum well structure and quantum dot 
structure. Moreover, the location of a lower electrode may be changed as a crystal substrate using what has 
conductivity, such as a SiC substrate and a GaN substrate. In addition, about each part other than the up 
electrode in the GaN system LED concerned, the technique for the crystal growth approach for the structure 
and the manufacture approach which are used for the well-known GaN systems LED, such as component 
structure given in the international public presentation official report WO 99/30373 and the manufacture 
approach of a GaN system crystal, and a GaN system semi-conductor, and dislocation density reduction etc. 
may be referred to, for example. 
[0036] 

[Example] What has the component structure (a fragmentation part is the Cush mold pattern) shown in 
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drawing 1 as an example of the GaN system LED by this invention was manufactured as an example article, 
and it compared with elegance conventionally. About the example article by this invention, the specification of 
fragmentation of the Cush form pattern was changed gradually, and the thing within the limits which this 
invention recommends, and the thing out of range were manufactured. Moreover, about elegance, what has the 
opaque electrode of the Cush form pattern, and the thing which has a wrap transparent electrode for the 
whole surface in homogeneity were manufactured conventionally. The example article and the example article 
of a comparison are the same except [ all ] the structure of an up electrode. 

[0037] [Manufacture of an example article] As component structure was shown in drawing j (b) f C side silicon 
on sapphire was used as a crystal substrate 1. This substrate has been arranged in an MOCVD system, the 
temperature up was carried out to 1100 degrees C under the hydrogen ambient atmosphere, and thermal 
etching was performed. It changed to nitrogen-gas-atmosphere mind after that, temperature was lowered to 
500 degrees C. and trimethylgallium (TMG) and NH3 grew up sink and GaN low-temperature growth buffer 
layer 1b as material gas. 

[0038] Next, the temperature up of the temperature is carried out to 1000 degrees C, the silane was grown up 
as a raw material and the sink and the n mold GaN layer 2 with a thickness of 3 micrometers were grown up as 
TMG, NH3, and a dopant. Next, TMG, trimethylindium (TMI), and NH3 grew up the InGaN barrier layer 
(luminous layer) 3 with a thickness of 0.1 micrometers on the sink and said layer 2 as a raw material. Next, bis 
(cyclopentadienyl) magnesium (Cp2Mg) was grown up as a raw material, and the sink and the p mold GaN layer 
4 with a thickness of 0.15 micrometers were grown up as TMG, NH3, and a dopant. The controlled atmosphere 
was switched to nitrogen after that, it cooled slowly to the room temperature, and the laminating structure 
was obtained. 

[0039] To the obtained laminating structure, dry etching was given partially, the p mold GaN layer 4 and the 
InGaN barrier layer 3 were removed in part, the n mold GaN layer 2 was exposed, and n mold ohmic electrode 
P1 which consists of ingredients Ti and aluminum was formed. 

[0040] Next, the transparent electrode which has the Cush form pattern as roughly shown in drawing 1 (a) with 
resist spreading, prebaking (baking), exposure (imprint), development, vacuum evaporationo, and the processing 
procedure of lift off was formed in the maximum top face of the laminating structure. 

[0041] The ingredient configuration of this electrode is the light transmission nature electrode of the two-layer 
structure of a lower layer O.Onm in Ingredient nickel, thickness), and the upper layer OO.Onm in Ingredient Au, 
thickness). This light transmission nature was the thing which may make 460nm wavelength light emitted from 
an InGaN luminous layer penetrate 50%. The width of face of an electrode is [ the width of face of 2.0 
micrometers and an inter-electrode exposed part of the dimension specification of the stripe part (the gear 
tooth of Cush is also a part) of the Cush form pattern which is a fragmentation part ] 8.0 micrometers. 
[0042] After completing component structure according to the above-mentioned process, it divided to one 
350mmx350mm chip, and considered as the GaN system LED by this invention. The gross area on the top face 
of the maximum in 1 chip condition was 2 about 0.12mm, and the area of the fragmentation part except 
processing SHIRO of the field of the terminal for bondings and a periphery edge was 2 about 0.06mm. 
[0043] When the above-mentioned LED chip was mounted on the To-18 stem base and the output was 
measured, by the wavelength of 460nm, and 20mA, it is 12mW and it turned out that the output in the same 
current is improving 25% compared with the average output of a light emitting device used as the conventional 
whole surface transparent electrode. 
[0044] 

[Effect of the Invention] It became possible as the above-mentioned explanation to offer the GaN system LED 
which internal quantum efficiency is raised [ system ] and may pass more light from the maximum top face to 
the external world from the conventional up electrode by subdividing an up electrode and supposing that it is 
transparent. Moreover, internal quantum efficiency and the through put of the light in the maximum top face 
were optimized by limiting extent of fragmentation of an up electrode also in the GaN system LED concerned. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[DrayylDJgJ] It is the mimetic diagram showing an example of the structure of the GaN system LED by this 
invention. In order to distinguish a field, hatching has been performed only to the electrode. Drawing where 
drawing 1 (a) looked at the component from the side, and drawing 1 (b) are drawings which looked at the 
component of drawing 1 (a) from the upper part. 

[Drawing 2] It is drawing in this invention showing an example of the electrode pattern of a fragmentation part. 
By a diagram, some patterns are shown. 

[Drawing 3] It is drawing in this invention showing other examples of the electrode pattern of a fragmentation 
part. Some patterns are shown like drawing 2 by a diagram. 

[Drawing 41 It is the mimetic diagram showing an example of the structure of the conventional GaN system 
LED. Drawing where drawing 4 (a) looked at the component from the side, and drawing 4 (b) are drawings 
which looked at the component of drawing 4 (a) from the upper part. 
[Description of Notations] 

1 Crystal Substrate 

2 GaN System Crystal Layer of N Mold 

3 Luminous Layer Which Consists of a GaN System Crystal 

4 GaN System Crystal Layer of P Mold 

4a The maximum top face of a laminated structure 

P1 Lower electrode 

P2 Up electrode 

P22 Fragmentation part 



[Translation done.] 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



06/07/14 



(i9)B#B#ittT (jp> (12) ^ n ^ (a) (nmmus&mm* 

#^2003-133589 
(P2003-133589A) 

(43) yf£15^5^ 9 B (2003.5.9) 

(51) IntCL' MHNB* F I f-73-h*(##) 

H 0 1 L 33/00 H 0 1 L 33/00 E 5 F 0 4 1 

C 



mgmx. »*3E©»5 ol (£ 7 h) 



(21)ffiSS# &K2001-324858(P2001 -324858) 


(7DBBA 


000003263 








(22)dMB ^13^10^238 (2001. 10.23) 








(72)%H# 


#;n it?* 








mam <*jsi^*»rx*;HP- • ^BS««^H^a 








C72)»0» 


AS -fx 






4 t s 3 #ia H^m^ 










(74)ftSA 


100080791 















(54) [$£W<D&m GaN*3HW*»3e^*-H 



(57) 

mO>]E*»6«l*JHftfcLrffW«lcK»Lrtp, e-a 

tU #««*ttlZi5»4«a»»(DiB»(D«^tt. 3 
0%~8 0%<t^4Ci:A<»^Ll^o 



(a) 




(b> 




1 

2 cffiOG 1KJPJ6M 

3 Gid^AMoSJU 

4 a Wf*S«>*-tE5 



p 1 Tsses 

P2 JbB«tt 

P22 |0&fcS& 



(2) 



<fem 2003-133589 



[ftlfBf*CD*5B] 

[lf#Jg1] GaN*iMW*Ax&«4**»**t» 

OTE«««jfia)*Jtffil=l3:. a»*3t4f'f*-Kl=iait 
&*v*pa» nS!©rima©?*>CD-;£*<±gpma<t L 

jMm**fcl*a-tttt£af £=fc a K*!:9-<b£ ftT Hrffia 
±iBi=j£*<*9»-c*or» M»fl:**tfc«aiHli=l*tt 
*±BA<»BLTfcy, BEtMHb»#<Da«j&<. 5§3fcjg 

[»*il2] maSPtti:. m±WG>nm&'<*tfrZ>fj: 

^m^\tu^<Dmmt<, &.±w±#<d 3 0 %~ so%^ 

K«B»<b»»l*. -^ft±It;fl-5t-a5 0//m© 

5 1=. fro, a«Jtt|Lttl=£ft«ttM5hDBS 
«©ffl-&tf2 o%~8 0%-Cfc-Sck7lc N jffl$Mb**ifc 

tS*«lSB«(DGaNS## 

tttftifcSf-f:*— K 0 

/ - >iz x nm&K t m&uft t * t © r- & 

tt©«agfl»i:. m 1 jUm~4 0^mfl)^ttl=SajLfc 
81**1 ~3©^-r*i3W=E*©G a N 

$Hb»#fl!>««©a«efr\ 2 o%~ 8 o%roai§*tr 

m*«lG*0GaNS¥«ttft%5r«r3j-— K. 

[*9)0!>IMI&K91] 

[000 1] 

Jfe^-f^-— K (JSIT, rGaNlLEDj <k*»l>3) \~ 
[0 0 0 2] 

M£*©ftffi] GaNSLEDIt GaN^i^b 
fr £**U ttM«oa«l:J:or 

I*. InXGayAlzN (OSXSL 0 

£z£i. x + y + z=d -e*$*i.*ft*«s*»«-e 

[OO 0 3] GaNSLEDWfiBmtEDI^WiiirLT 
I*. 14 (b) l-^-Tidl-. SiSffi2 1±l:. Ga 
N3%££ilJ! (niiG a N3>$£ h/f 2 2.. In1- X G 



a x N (0<x^1) #§pfcjf23. p?gGaNa>$£ 
Kg 2 4) 4tI«eiRt*l:J:oT»*te&<i. C+L 

i-Tasma (fi^iinswa) 2 5. ±gpma (a*i± 

[0004] ±§pma2 6i*. aa«a©a-tBi=8:i* 
6#t. «*I2 3ro±^iceM-r-5>fctoic fijfes*^ 

±^«1*&:h.fc#l=fcoTli|»S1JBfc«:4. t#lc, G 
a N m3it&titA<U«< . a«aTT?Lfr 

a vso>B&ftt'ji£ae« & . u T*<tt/J* Lis ft 
[0005] z4xe>©PD E IS(=^i&L»S±gpsa©tlfil 

fcbt. H4 (a) iC^-fck^l-. ®mti£G>g±®£ 
[0 0 0 6] 

[fgBJltffi?i*L.=fc ; 5<k-r-SSe] L-fr L ##§BJ 

#^±E«E*ro±»aafl!>tt«*aitLfct^5. ^ 

f;fcfc«3tffi«^»««*afflL»S3tea>»l::nLT 

i±aa<b*<#« * *ir » ?. r , * & # ■&aa©sfc»*«fc 

[0 0 0 7] *&H®Baf*. lEHBtfftL, «E3fc 

©±2paa<tyt. #*j:ya<*M^aa*-t**4± 

[0 0 0 8] *^B^IiKilT©!ttS!$^-r'5t.©T*fci,« > 

(1) g a Naj£«{*fr&ttsaftM£$t;a«*a$ 
w-r&ss&^-f*— K-etot, «TEaaaao>a±a 

«lfc«*f , -f*-Kl=ait6*t4pi!. n!?©M 

«a©5^<©-**<±a«at uTttit&Hrfcy. a 
±a«ai*a*Hbs#£au k*#«;«#«\ ma*< 
a«*fcii»tt«*a-r4«fc5i=ii^b**iriiMBa± 

BI=l£4<*»«-C*or, a#flsS;|xfca«lll!l=l4Ka 

±®*<st±ibTfcy. is«B^^bsp$j-©aa*^ #§*nfr 
6a-&&*ifc*i=»Lra*tt**-r«<fc5ic»***t 

[0009] (2) aaaa-t, g±®©stt:sp#<i:fr 

•=>5£c-?>*ffl^-(bS|J^-CD®«A<. i±Ii»0 3 0%~8 0 

M££*LT&LJ. ttttfl-fbfflfl-ii. c*i£a±Blc>2 
ot-15 0/im©JE*»S*WUIM4i: LTfT5flttl=K 

»Lfc<b^. 4Hftjftaaa±*<aiMcn*a>it*i::T* 

6tt>l>^aSil»©Ba©ti]#3b<2 0%~8 0%-efc-S<fc 
(1) E«©G a NJMMPtMBjfc^-f:*-— Ko 



(3) 



ftm 2003-133589 



[0010] o) ±mm&m&.m±tf. sim=h«© 

fciu ±12 (2) ElfflGaNS^WS^-ft- 
K. 

[00 11] (4) ffl$MbS#*<» ffl 0m~1 0//m 
<D»«fl>*a»»i. «1 *fm~4 0jim<D*ttl=BUi 

£>. ±1B (1) ~ (3) a>L^+L*MrlB«fl>G a 
flM*****;*— K. 
[0 0 12] (5) **»^&*1*&*lfc*l=»r«± 

s5^Hbgp#a>ma<z>HBt1f A<. 2 0 %~ 8 0 %<DSifi 

±SB (1) IStfflGaN^5lft^M'ft 

-Ko 
[0 0 1 3] 

JUT. tRJUttJFHItitSflM: LT 

&nmzpmwmt u i«ittotc«jai^iii (a 

[0014] *^BJ|" Jc^GaN^LEDIt 01 
(b) IZ^-r<t5(-. GaN$*?W^45MI^ 
. *77-f7««1 JtJC Al a Ga|- a N (0 
£aSl) fiigM/<7 7 7Bl b$^Lt. nlA I 
bGal-bN (0<b^1) =3>£? KJ12, I n1- x G 
a x N (0< x ^ 1 ) ^3tJf3. pSA I C G al-cN 
(0<c£l) a>^^7 h»4i<a3«6aJSftf=J:oT 

4<— WatBLTfeU, -t<D*Hi»#l="F««a (nil 

p 1 fi<»jft£*i. 8tfli«tfia>«±iB 4 airii±gp« 
i (plig) P 2A<eitt.*trt^<5o 
[0 0 1 5] ±UMBeit. m 1 (a) lZ7ji-t&5lZ s 

9\-ttttmi-&tzib<D7ti,T4 isfmm+p 2 1 1. * 

•So Sffl#ttSP»P 2 2T-I4. aatfatt^fciifl-tttt* 

«a#*w<«±ffi£«oTi**»a»# (en 

(a) Vlt. P23«P25) t . t<DffliZ&±mt)<m 
ajLTt^SajSU^-P 2 4tA<. SLMcRy^oTtt^ 

■kt>£4xtz&&/**— ><bfc:oTi^. tut. ssa 

SP#P2 3. P2 5I4, ^?tJl^bf§-y-b^tfcjtl=*JL 

[0 0 16] _tIELfc<fc5lr. GaNiL ED"CI*. G 
a A s S$ i' L E D t si* y , ±gpa 



a^&**«ii=fii^5«aEi*tttkLitL^. -t(Dfc«>i=. 

£5feH T* l*±»*a*m#a*-*- & SP#©ET 

*i-Cl*4tt«T?ld\ «3tfli^BA<»3feprft-Cfc43b<. se- 
rosa. *i*«aE««*<»&:h/*\ *fc. m*mmo>m. 

[0017] ±gpaa©^«©i oi lt. mm. 
*t»*»»*fi-r*/<^— >i=»«Lfc, mil r->->fl$ 

5S?a«4^*>»t««G a NS«3lt**lcJ|t|=J6ffl 

l fc»*. ±e Ltz£o iz mm* l ^tttk l l> t 

l^G a NS«-*44#^a»14S©fc*i>l~, Sa©l£l£liT 

[0018] c*Li=»LT*»wcri±»*a*^->» 
i=*-3-c. 5tr. «a*Ti=fc*i^r**MicajL^iB*s 

*E £4,. Hi (b) lr^-r«fc?ic, 

frbifi-tl-lRjfrdifcL 21*. ma^SiSLnillcfflrfT 

ao*T©fr«C6r. ttltT»»^&«^*:ltHBI=/N 

«a/N°^->A<< La*M-T4J:5l=«l«<H#S 
Htz'<$ — >T?fc*fc«>rc. — <75/\ = tfi L 

bp*.. < L^na«ti^L:®«G)Ba$ittmic*^$-a- 

fc»*fcJt-<T, «3fcr5a#©8ffia*<l£l*4:l^j« 

[0019] «jtanr;i*. #>T<t>?mm : f'ifi&irt 

ISAM". 0 1 (a) g±®(7)ii-^^l=, 

«^«fl>aoX5/P4 b*<Rai»»4; Lr#^-r-&«^ft< 
fc-So JilTOijiB^T-14. C^.e,7t?>-r-f >^JB4H-T-©« 

igico^riiBj-r-z, 0 

[0020] sa^-^bas^-roma/^^-xi. BaA<stt 
*ii<«fc<, awn. t«jbw. 

[0021] ««w«:«a/<$— 



(4) 



2003-1 33589 



&«*i=Hje**i«*a>-cttfci\, Hi (a) <DM\t<? 
vK/^-^ji^t. ? v-©|f ©SB# P 2 5&&&t 
Lt. *C3^&flt*(0«aP 2 3A<^lKLX h7>f^ 
i2 (a) — >X' fe o 

t, LTl*4. 12 (b) ©#JI± S RSJ 

K-f l-ttO!>Iiai»5J-36<»ffi«l=E5>J**tfc/<f — 

or. «ai=»s-r*ii<-aa>iBtt/<*— c 
sua-© n * ^@H5'J / < * - > w -c & -a T t ^ > 9 A 

T-fcoTtcfcl^ i2 (c) . 13 (a) ©«l±. ^tt 

fc/<* — >T?*y» *•>»/<*—:>©-«£ Ifltt/* 
$->ffi-lttfx4. 12 (c) trl*. VJttt&* 
WtStfBSrLTtt***?**!.. 13 (a) "CI*, 
SaA^'DRttl-MA/T-l^S. 13 (b) ©«l*. mft 

itz *itz%.m<mwmm u=ai&© * •? ic#tt-*-«/<* 
— >T'fe-5>o cftbfi*©/^— giic«l^-&i* 

r<t<. mi*. ^ Vj&©£?&«PJW£:#l«/N°*-> 

[0022] ±au«aa>«B»<bw»i4. wf»#£-€-*i 

l=l***lfcSaiSP»<t J^Wtill© 3 0%~ 8 0 
%> cfcy»^L<l*40%-7 0%£r5^rf -5><fc-5l::ff2 

«ttl=*+r*J:5fcttHft?te*<. J: yjt 
# C <k £ d^-f -!> i CO T* $> -S o 

[0 0 2 3] #gptH-C0>#bfca>&lllZl4. «3IES6JE*<* 
I=h5?:***i**l*jb<»<fcy, ft^MiSliii < 

fpr*©t?«*»«i4»<ft*. assist*. 

idfctfill#fl)4«fl)II!S'h* < 1 4 z t («*.«. 
*ttft±-T*. fc«U ftttHl=«aiEW£'Jt£<r« 

ffitr-ii. +»ftfsjifei=4>BaBJ»i«ffi(D±#-v>. asfc 

JQ, BP*.. ^©teTA^jtbft&o C©.£fr£>. «a 

[0 0 2 4] «S£fl4MtLfr-3a9Hta&LT 
»iLtt. aWSai**3tBA^©3fe* 1 0 0%iSi§ 
*1*»«»*5l+-CI4<El^&. SaSB#T*l*jfctf>D7.A<£ 

c*. *fc«a*<*if»-efc5£. *©*i&*t"c** 

b £^Js£/iE L T £4©IC±^- L It til* b 



[0025] i^r. w«ja^-a«£<fcyB©. fro. 

*#EBJT*I4. aB^bgS»l-*Jlt-SaaC)!!ffl»<b©SJt 

eiTi=Rw-r*fctey*e)icH3er*c:t*jtar 
4 0 c^ticcfcor. **w<©iwiij:ya*i=a***t 

[0026] ±Eaao>«i*Mb©eatt. cic«a»<b» 

©ffl^t?#S-ri)cfe5lc % matfSffl^bSftTl^zi: 
tfSSLl^ SlTSEl*J*JJM4©]]E*J&©-2ll*. 2j/m~ 
1 2/imT?fc*C:fcA<J:y#*l,l\. $bicma£«s$i 

l=«»<bLfc»«-pl4. M*fi?-iS2//m~4//m 
toTEfSltb LtE»L> C(DE#£. «B»ft»»©ff* 
©Sair^riiftrt. «lc-5-©+l-^aSB»i:StBSP 

[0 0 2 7] ±CLfc*«BWil(ftl=i5«>*«a» 

#©Ea©s?*Lt*sij-&i*2 o%~8 0%-efey, «t y 

L<I420%~6 0%. ^«C»*LL^^I44 0% 
~ 6 0%T'3o§. 
[0 0 2 8] C*l6©««-ft©«Sl=J:-3T. WSPS^ 

5a*i4fi®^b$^., aattTT?**Lfc3fei4, * 
ya-h*fti=iau^«r»m»»^e.n»i=ai-cff < c 

©s^ffli^ft-s,, aa^aai-^fcof-^t^ 
< i*cH^iiigLn#i^ajT^T<©-e. n»^6ftta 

iSGaN^LEDI*. |^ Cm±l«©SAIr^ LT. St* 
a«fcy*Bl*363ll6£5M- *©fcfc<6, 
[0029] ^5ij=K^©E«-ic^Lri4, ta«-<b»»© 

L^„ Sfc. 11 (a) — >ffij:9l;. 

-«i=tt»<b**ifcx h7-f^fiB»i=jnjtr»a»»p 

<b$*ifca«-/£ltlcr3LNTfi9iJtt^©E»©SS$^T 
[0 0 3 0] «»<b»»*?T5attl=EE»Lfct#» 

jt*(4rti-i4. sasp»tsassp»tA<. =&m^^f^ 
±-eH«i=#ar*i.iiJ:<. ^-T'fei>^sii^^ 0 c 

*tf*, 13 (b) 0£5&TaJH&/<* — >-CI*« 

^aS?^<bStb$B^<t©ltmii^S©itST? 

^asr4«^t.fe5^e)TS.-5. *f= s 12 (b) ©cfc 

$ — >©**ff^l*IE = ft}g-ipiEAft»-efc4A^. H 

mizx^m&VTjk? & => ic. jE*»©K53-©ft**. 

»I4. 5LM=a«:4*fiffiWl=a»<b**vfc»»*«* 



(5) 



<&m 2003-1 33589 



[003 1] 11 (a) |:*t^y^/<$- 

t tfmm M i::^^ $ ft T & ft ^IiJ 6^3- £ # A, 7? l * 
ft = ^->ff2/\'£->T*l4s ? iy<DM(D®Mt. 

IiJiH)i-£SicEB£ftx h^^tf^fcoT^ft. eft 

[003 2] ±E<D*l*Mb©«56l=J:fttf. 
->«i2 (c) . S3 (a) 0>A$ — >G)«fc?lC. * 

^SP^©itlA<1 tfm~1 0(/m> ^«CDStligP»CD"tgA< 

1 (im~4 0(imt'fcli I ):7^ h 5 -f * L l*„ 

z corns. m&imik<Dttfc<D-mit3L'^2 ttsti 
+sas«D /im. a* 5 o (=m®ini o +stBH4 

0) (imSt^««. £ft& «tft*&l::£«> 
•5SSgB»<DSaa)ai-&A<2 0%~ 8 0%£fcft «fc3l= 
fcA<»*Ll\, «fcyff*L^«HtL 
TI4. ^tt(DS®gP»«7?i|11 jfm~8 // m. 3?4*CDBfctJ 
gP#0>i@ 1|/m~20tf m(75X h 5 -f ^ (IE^ff$CD— 52 
tt2 f <m~28tfm) <t L, fl|jftJ|L.&(= i5» ftS*ISG» 
(D®S©i!)^*3 0%~6 0%,i:-r-5CtA<^lf f>ft, 
Ll*»H£LTI4. ttttcDV&flS&Off 

2 // m~ 4 pm, mttCDStiJSP^'roig 4 m~ 8 // m£> 
X h^-f ^ dE^ff$0)-iai46 il m~ 1 2 jum) t L, 
*J**{4lc,5*>5««»#a>B«©S££ 4 0%~ 6 0 
96£-rSC&fit* If &*).«. 

[0 0 3 3] ±IBLfcJ:-5lc. |B$Hb»#©*«tt. 9t 

j££ftft. «3fcll^6*-&e>*i-S*l4. SlpfcJf icffll*-!, 
G a N3R**i*(Dli*l=J:oTW«y, SJ:f3 50 n 
m~5 5 0nmSS©*iiS4; «a©a*tttt. -ft 
t>CDjR^a>7tA<3 0%~ 6 0%(D3ky&mvfo&Z tfftf 

[0034] .yeaae**-* **S(4. aaoaHi: 

TAI. N i £J£l\ IS^-^ft-fft 1 0 n m. 1 nm 

t r * 2 limit © fits <e a m e, ft « . 

[0035] gi©0yr-i4s g a N^amciftae 

Jf) ro3B«itT?ifeftA<. ^jtM^^ScDfi^-#p«it 
I*. *fc. gSSSffitLT. S i Cifi^GaNSS^ 
LTt^LV *(0i&. iiG a N^L E DC:fcl+ft±g|5 



99/30373 IciemroSHMiiift^G a N^S0!>$i 
jt^i£ftit\ 3£-£fl(DG a N^L E DlC^l^ftTl^ft^fl 

[0 0 3 6] 

[ItSSfiH] **PI-«feftG a N$L E DO>-0"J<!: LT. 
fc. *^^lcd;ft^JE0i|p D p|coLHTI4s ^>i/^- > 

t.©. 5aw««s*r*t©£«f*L 

fc. IIJ£^ o Q B <!:tbl«0iJS<!:l4, -tSSS&©«5ttemi4£ 

[O0 3 7] [mfiOSft] HI (b) l-SHHtit 

ffll*fco i£gffi£MOCVD^Sfl(-IESU 7KSi#ffl 
1 1 0 0°C$T'»SL, -y— 7iH7f 

ofco *©aa*»B»i=«iy»ji, as* soot* 

T?Tlf. JS*4**X<tLT h'J^^^^jij^A (TM 
G) . NH3£3fcU G a N<S;g^S/^v^T— H 1 b 

[0038] sJnir, as* i o o otcmau mnt 

LTTMG. NH3. K— A> h t Ltv7 >*SSL. 
U3/imO)nSGaNl2SliESJtfc. 1^*4 
<t l/tTMG> h'J^fM^v^A (TMI) , NH 
3*3iEL, fII£Jl2±IZ x m$ O. 1^m05InGaN 
SttJI (f5*Ji) 3*)SS$1*fc„ ^l-. HHtLtT 
MG. NH3, K-/<>htLtfXv!>a'<>$vI 
-;i-7^vOA (Cp2Mg) *5SL. J1$0. 15 
1/mlBplGa NJ14 *(Sfi^-t±f =0 t©I#iIA"7. 
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